A bacterial strain, designated CY22, was isolated from the interior of balloon ‰ower ( Platycodon grandi‰orum) root in the Republic of Korea. The isolate coproduced an iturin-like antifungal compound and a surfactin-like potent biosurfactant. Analysis of the 16S-rDNA of strain CY22 showed that the isolate was a member of Bacillus. High similarities were observed between strain CY22 and Bacillus sp. TKSP 24, and between strain CY22 and B. subtilis 168. Phylogenetic analysis based on 16S-rDNA sequences showed that strain CY22 was closely related to Bacillus sp. The main whole-cell fatty acids were anteiso-C 15:0 (37%), C 17:0 (5.1%), and iso-C 15:0 (27.7%). DNA G＋C content was 54 mol%. Based on phylogenetic inference, phenotypic and chemotaxonomic characteristics, this endophytic strain Bacillus sp. CY22 was assigned to the genus Bacillus.
The existence of endophytic bacteria inside diŠer-ent plant tissues is a well-documented phenomenon. [1] [2] [3] [4] In general, endophytic bacteria have been dened as bacteria that are able to colonize living plant tissues without harming the plant or gaining any beneˆt other than securing residency. 5) Endophytic bacteria isolated from the internal plant tissue of healthy plants comprise over 129 species representing over 54 genera, with Pseudomonas, Bacillus, Enterobacter, and Agrobacterium being the most commonly isolated bacterial genera. 3, [6] [7] [8] [9] [10] Recent research with endophytic bacteria has focused on beneˆcial eŠects such as plant growth promotion and bio-control potential against plant pathogens. So far, Gram-negative bacteria, especially Pseudomonas strains, have been intensively investigated as biological control agents with regard to the production of antimicrobial metabolites.
11) The Gram-positive bacteria, like Bacillus spp., however, have been studied less intensively than Gram-negative bacteria. Since 1990, endophytic Bacillus has been isolated from cotton and cucumber roots 10, 12) and recent researcher reported that Bacillus endophyticus was isolated from plants (Reva, Pettersson, and Priet, unpublished results).
The Bacillaceae is a large and diverse collection of aerobic and facultatively anaerobic, rod-shaped, Gram-positive (or Gram-variable), endospore-forming bacteria.
13) The 16S-rDNA sequence analysis has found high phylogenetic heterogeneity in the genus Bacillus.
14-16) Therefore, several phylogenetic groups have been reclassiˆed as new genera.
An endophytic bacterial strain, designated CY22, was isolated from the interior of balloon ‰ower root, used in East Asia as medicinal crops and vegetables. The strain also showed strong antifungal activity against Rhizoctonia solani, Fusarium oxysporum, and Pythium ultimum. The taxonomic status of strain CY22 was investigated using a combination of phenotypic, chemical, and molecular systematic methods. On the basis of polyphasic evidence, we propose that strain CY22 be classiˆed in the genus Bacillus sp.
Materials and Methods
Microorganisms and culture conditions. The phytophathogenic fungi Rhizoctonia solani, Pythium ultimum, Phytophthora capsici, and Fusarium oxysporum, and bacteria Escherichia coli were kindly provided by the Laboratory of Phytopathology, Gyeongnam Agricultural Research and Extension Services, Chinju, Korea. The plant pathogenic fungi were maintained on potato dextrose agar (PDA, Difco). The Escherichia coli were cultivated on Luria-Bertani agar (LB, Difco), and strain CY22 was cultivated on number 3 medium (No. 3; 10 g polypeptone, 10 g glucose, 1 g KH2PO4, 0.5 g MgSO4 ・7H 2 O, pH 6.8) for antibiotic production. All plant pathogenic fungi and strain CY22 were grown at 289 C and Escherichia coli were grown at 379 C.
Isolation of endophytic bacteria. Strain CY22 was isolated from 10-year-old balloon ‰ower ( Platycodon grandi‰orum) root, which had been continuously cultivated at Daepyung-Myun, Chinju, Korea. The root surface of balloon ‰ower was disinfected with 1z sodium hypochlorite for 10 min. To remove the contaminated external root, the disinfected balloon ‰ower root was removed approximately 0.5 cm from the margin of root with sterile razor blades. The root tissue was triturated by a pestle in sterile 10 mM phosphate buŠer (pH 7.2). The triturate was spread onto a plate of 1 W 10 tryptic soy agar (TSA, Difco) and incubated at 289 C for 24 h. Selected colonies were picking on 1 W 10 TSA and their antifungal activities against Rhizoctonia solani, Fusarium oxysporum, Phytophthora capsici, and Pythium ultimum were detected by bioassay. 17) An isolate, designated CY22, showing substantial inhibition of mycelial growth of fungi was selected for further studies. Surfactin-like compound production was detected by hemolysis of erythrocytes, using a modiˆcation of the method reported by Nakano et al.
18)
Morphological and physiological characteristics. Cell morphology was examined by light microscopy after Gram staining. Flagellum type was identiˆed by transmission electron microscopy (JEM 1010, Jeol) using preparations negatively stained with 1z phosphotungstic acid. Phenotypic characterization was done by standard methods, 13, 19) using API20E and API50CHB kits (bioM áerieux). Hydrolyses of gelatin, casein, and starch, and production of urease were measured as described previously. 20) Tests for use of substrates as a sole carbon source were done with Biolog GP Microplates containing 95 diŠerent carbon compounds and the results were checked over 24 h. Growth in the presence of NaCl and the temperature range for growth were tested using TSA as basal medium.
Inoculation of balloon ‰ower with CY22. Aseptically cultured balloon ‰ower plants were used for all experiments. Balloon ‰ower seeds were surface-disinfected by incubating in 1z sodium hypochlorite for 15 min. After rinsing these 10 times with sterile phosphate buŠer, they were checked for sterility by pressing the seeds on TSA medium. Balloon ‰ower seeds showing no bacterial growth were grown in Murashige & Skoog agar (MS, Duchefa) at 229 C for 90 days under growth chamber conditions (14 h light W 10 h dark cycle). The latter were inoculated with a bacterial suspension containing approximately 10 7 bacteria and grown in a growth chamber. Balloon ‰ower roots were sampled at various times, from 1 to 14 days after inoculation and prepared as described above. The roots were triturated and plated on TSA medium to identify bacterial. Also, the root tissues were observed by scanning electron microscope (XL 30 SF, Philips) and transmission electron microscope (JEM 1010, Jeol) used as described previously. 9) Uninoculated plants served as controls.
Chemotaxonomy. The biomass for cellular fatty acid analysis was prepared from a 1-day-old culture grown on a TSA plate at 289 C. Fatty acid methyl esters were prepared using the method described in the MIDI Microbial Identiˆcation System (Hewlett Packard) manual. The resulting esters were separated using a gas chromatograph (model 5890, Hewlett Packard)ˆtted with a phenylmethyl silicone fused silica capillary column (25 m×0.2 mm, Hewlett Packard).
Analysis of DNA base composition. DNA base composition was measured by reversed-phase high pressure liquid chromatography after the DNA was hydrolyzed into nucleosides with enzymes.
21)
Sequencing of the 16S-rDNA. The 16S-rDNA of strain CY22 was enzymically ampliˆed by PCR. PCR ampliˆcation was done with 30 cycles of denaturation at 949 C for 1 min, annealing at 559 C for 30 sec, and extension at 729 C for 1 min, using primers that were designed based on a conserved region between 16S rDNA sequences of Bacillus species. The forward primer was 5? TTCTACGGAGAGTTTGA-TCC 3? and the reverse primer was 5? CACC-TTCCGGTACGGCTACC 3?. Ampliˆed 16S-rDNA fragments were used as sequencing templates. Nucleotide sequencing was done by the dideoxychain termination method using the PRISM Ready Reaction Dye terminator W primer cycle sequencing kit (Perkin-Elmer Corp., Norwalk, CN, USA). The samples were analyzed with an automated DNA sequencer (ABI prism 310, Perkin-Elmer).
Phylogenetic analysis. The 16S-rDNA sequence of strain CY22 was aligned with that of other Bacillus species obtained from the GeneBank database. The 16S-rDNA similarity values were calculated from the alignments, and evolutionary distances were calculated using the DNAMAN analysis system (Lynnon Biosoft, Quebec, Canada). A phylogenetic tree was constructed using the neighbour-joining method and the distance matrix data. 
Results

Morphological and physiological characteristics
Cells were Gram-positive and rod-shaped, measuring 0.5-0.7×2-3 mm in a 36 h culture grown at 289 C (Fig. 1) . The strain was facultatively anaerobic and grew at 109 C and 509 C with an optimum growth temperature of 289 C. This strain grew in the presence of 10z (w W v) NaCl. Strain CY22 had catalase and oxidase activity, but no urease activity. Tests for indole production and the Voges-Proskauer reaction were negative. Gelatin and starch were hydrolyzed. Reactions for the oxidation and fermentation of carbohydrates as sole carbon sources are shown in Table 1 . The predominant fatty acids in whole-cell methanolysates of strain CY22 were anteiso-15:0 (37.51z), 17:0 (5.1z), and iso-15:0 (27.71z). The G+C content of the DNA of strain CY22 was 54 molz. Strain CY22 inhibited growth of several plant pathogenic fungi, such as Rhizoctonia solani, Fusarium oxysporum, and Pythium ultimum by 1273 Endophytic Bacillus sp. from the Interior of Balloon Flower producing iturin-like antifungal compounds, but did not show antifungal activity against Phytophthora capsici (Fig. 2) . Also, CY22 produced a surfactin-like potent biosurfactant (Fig. 3) .
Bacterial colonization of plants
The bacteria were reisolated from inoculated roots, but no bacteria were isolated from the control plants under the test conditions (data not shown). Throughout the study, both control and inoculated plants were without any visible disease symptoms. Studies of roots sectioned for light microscopy con-ˆr med that there was no internal or surface colonization of uninoculated control plants (Fig. 4A) . However, light microscopy, scanning electron microscopy, and transmission electron microscopy of inoculated plants showed considerable surface and internal colonization of the roots by bacteria ( Fig. 4B; Fig. 4C; Fig. 4D ). Transverse sections of inoculated roots revealed bacteria within many of the cortical intercellular spaces next to the stele and within the aerenchyma (Fig. 4D) , although there was no evidence that the bacteria had penetrated the endodermis to colonize the root vascular system. In- terestingly, many of the root cortical cells contained bacteria were healthy in appearance by transmission electron microscopy.
Analysis of 16S-rDNA sequence
The almost complete 16S-rDNA sequence of strain CY22 (1,303 bp) was identiˆed. The phylogenetic tree (Fig. 5) constructed from the sequence data shows that strain CY22 appeared within the evolutionary radiation encompassing the genus Bacillus and occupied a distinct phylogenetic position within the genus. Levels of 16S-rDNA similarity between strain CY22 and Bacillus species were 96-99z. Among these Bacillus species, strain CY22 and B. endophyticus had 16S-rDNA sequence similarities of 96z. The highest 16S-rDNA sequence similarities of 99z were observed between strain CY22 and Bacillus sp. TKSP 24, and between strain CY22 and B. subtilis 168. The phylogenetic study clearly established that strain CY22 was closely related to Bacillus sp.
Discussion
Morphological and phylogenetic analysis have clearly demonstrated that strain CY22 is a member of the genus Bacillus. The chemotaxonomic data, i.e. G+C content of DNA (54 molz) and the antiso-C15:0 fatty acid as the major cellular fatty acid (37.5z), also fall within the ranges found in Bacillus species. But comparisons of the fatty acid composition of the cell wall did not further identify the bacterium Bacillus sp. CY22, since the characteristics of the strain CY22 did not exactly match any other known species of the genus Bacillus. Based upon the results of physiological properties and obtained with the API kit and Biolog, strain CY22 diŠers from other species of Bacillus in the pattern of use of carbohydrates. Not enough properties were examined in this study to compare the bacterium in more detail with the description in Bergey's manual. Therefore, strain CY22 was assigned to the genus Bacillus.
The Bacillus sp. CY22 was able to colonize in the intercellular space of balloon ‰ower root without harm to the plant. Also, the isolate could be used as a biological control agent against soil-borne pathogens and potent biosurfactant agents because of its ability to produce an iturin-like antifungal compound and a surfactin-like compound, the structures of which were identiˆed by a series of chromatographic and spectroscopic analyses (data not shown). In general, some Bacillus subtilis and Bacillus species are known to produce antifungal, antibacterial, and biosur-factant substances, such as mycosubtilin, iturin A, and surfactin. 18, 22, 23) However, no production of an antifungal and biosurfactant substance by endophytic Bacillus sp. has been reported to date. To our knowledge, this is theˆrst report of the production of an iturin-like antifungal and a surfactin-like biosurfactant compound by an endophytic Bacillus sp.
